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ABSTRACT

Eight propolis samples from the eastern edge of the Sonoran Desert were collected at

two sites (Pueblo de Álamos and Rancho Viejo, located at Ures, Sonora, México) during two

seasons of the year (winter and summer, 2012 and 2013) and analyzed using palynological

methods in order to determine which plants were visited by bees in order to collect raw

material (resins, wax and pollen) to form propolis. The pollen analysis identified a total of

42 pollen types. Six samples of propolis were bifloral (summer and winter samples) and two

multifloral (winter). Mimosa distachva var. laxiflora and Prosopis velutina were considered

characteristic pollen types, composing 15 to 45% of total pollen sums.

Key words: botanical origin, pollen analysis, propolis, Sonora-Mexico.

RESUMEN

Se colectaron ocho muestras de propóleos de la región oriental del Desierto

Sonorense en dos sitios (Pueblo de Álamos y Rancho Viejo, ubicados en Ures, Sonora,

México) durante dos épocas del año (invierno y verano, 2012 y 2013) y fueron analizadas

utilizando métodos palinológicos con el fin de determinar qué plantas fueron visitadas por

las abejas para recolectar materia prima (resina, cera y polen) para formar los propóleos.

El análisis polínico identificó un total de 42 tipos de polen. Seis muestras de propóleos

fueron biflorales (muestras de verano e invierno) y dos multiflorales (muestras de invierno).
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Mimosa distachya var. laxiflora y Prosopis velutina fueron considerados los tipos polínicos

característicos, con 15 a 45%de los conjuntos polínicos totales.

Palabras clave: análisis de polen, origen botánico, propóleos, Sonora-México.

INTRODUCCION

Propolis, a resinous and adhesive natural substance produced by honeybees

(Apis mellifera), has been used most recently as a health food and additive in func-

tional foods, although it has served as a folk medicine for thousands of years. Pre-

vious studies have shown that propolis may have numerous beneficial attributes,

including antioxidant, antibacterial, antiviral, antifungal and anticancer properties

(Farré et al., 2004; Vargas-Sánchez et al., 2013). The different properties were main-

ly attributed to phytochemicals such as flavonoids and phenolic acids, which form

the major components of resin found in propolis samples, where overall, propolis is

composed of resins (50%), waxes (30%), volatile essential oils (10%), organic and

inorganic Chemical compounds (5%) and pollen (5%) (Farré et al., 2004). It is well

accepted that the Chemical composition and properties of propolis greatly depend on

the species of honeybee, season, method of harvesting and type of vegetation present

in the geographical región (Farré et al., 2004; Peña, 2008). Therefore, it is important

to understand by means of pollen identification which species are important for the

production of propolis in beekeeping, as this can potentially contribute to a more

effective distribution of beehives (Santos, 2011; Silva et al., 2013).

The presence of pollen in sediments from Polish propolis was reported by

Warakomska and Maciejewicz (1992), who found that the most abundantly identi-

fied pollen carne from plants of the Brassicaceae family, mainly Brassica
,

Sinapis

and Raphanus
,

amounting to 9-33% of the total pollen contení. Salix pollen was

present in all samples (6-16%), including lesser amounts of pollen from Centau-

rea and Trifolium pratense. Montenegro et al. (2004) identified various kinds of

Chilean propolis based on botanical sourcing, including propolis from Escallonia

pulverulenta
,
Nothofagus dombeyi, Mentha pulegium, Eucalyptus and Salix, among

other pollen types. In another investigation in Brazil, Barth and Pinto da Luz (2009)

evaluated the presence of pollen grains in seven samples of Brazilian red propolis,

collected from the northeastern Coastal región of Brazil. The presence of Schinus

pollen grains was characteristic of the reddish propolis sediments. Recently, Matos

et al. (2014) determined the pollen spectrum and levels of total phenolic compounds
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in propolis samples produced by Apis mellifera L. (Apidae), collected from Bahía,

Brazil. They found 59 pollen types in the samples, with the Fabaceae family being

the most representative. Therefore, the aforementioned studies were able to charac-

terize the regional vegetation from which the propolis was obtained.

The first investigation of Sonoran propolis (Velázquez et al. 2007) addressed

the antibacterial (mínimum inhibitory concentration, MIC) and antioxidant (free-

radical scavenging, FRS) activities of propolis collected from three different areas.

Propolis extracts showed strong antibacterial (mainly gram-positive bacteria at 100

pg/mL) and antioxidant activity (>80% at 100 pg/mL), which were mainly attributed

to the presence of flavonoids. Therefore, the authors recommended this natural bee

product for use in clinical applications. Sánchez-Escalante et al. (2009) evaluated the

antioxidant effect of propolis (produced in the same geographical area) in beef pat-

ties, used as a natural preservative. The results suggest that propolis is a strong natu-

ral antioxidant, which can be used in fresh meat producís to extend shelf life. There

are numerous reports in the literature that indícate that active compounds in propolis

(mainly organic acids and flavonoids) have antioxidant and antimicrobial properties

due to their ability to sequester free radicáis, act as substrate for radicáis such as

superoxide and hydroxyl as well as perform metallic ion chelation. Specifically, the

antimicrobial mechanism involves the inhibition of nucleic acids (DNA and RNA)
and the degradation of cytoplasmic membranes (Vargas- Sánchez et al., 2014).

However, no detailed studies of pollen analysis exist for the región of Sonora.

The aim of this study was to evalúate the pollen composition of Sonoran propolis

obtained from the central Sonoran apicultural production area (Ures, Sonora) and to

determine its relationship with the regional vegetation and the effect of seasonality

on frequency and amount of pollen loads.

MATERIALANDMETHODS

Samples and study sites

Propolis samples were collected during two seasons of the year: winter (W;

propolis samples from the period of August 2012 - March 2013) and summer (S;

propolis samples from the March 2013 to August 2013 period). The sampling sites

were located at “Pueblo de Álamos” (PA; 29°8'51.36" N, 110°7'26" W; 636 ma.s.l.)

and “Rancho Viejo” (RV, 29°7T9.72"N, 110°16'58.35" W; 476 m a.s.l.) within the

Ures municipality of central Sonora, México. Both localities present desert climate

characteristics, although in terms of annual rainfall, the local climate may be de-
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fined as semi-arid (INEGI, 2012). Annual average temperature and rainfall oscillate

from 20 to 22 °C and 400 to 500 mmrespectively. Seasonality is pronounced and

defined by the dominant summer monsoon precipitations (Brito- Castillo et al., 2010;

INEGI, 2012; Servicio Meteorológico Nacional, 2012, 2013). Sampling sites are sur-

rounded by foothills of thornscrub, dominated by Fabaceae species (Martínez-Yrí-

zar et al., 2010). Eight propolis samples (PAW12, PAW13, PAS12, PAS13, RVW12,

RVW13, RVS12, RVS13) were collected from 15 hives per sampling site during four

consecutive seasons. Vegetation surveys were conducted in different seasons within

300 mof each propolis collection site in order to form a list of plants. The flowering

seasons of the taxa of the plant list were determined based on published references

(Felger et al., 2001, 2013; Hodgson, 2001; Turner et al., 2005).

Botanical nomenclature

Plant classification follows SEINet thesaurus (2015).

Palynological analysis

For pollen extraction, propolis samples (0.5 g) were diluted with 1 mLethanol

and centrifuged at 4000 rpm for 10 min. After cleaning the samples, pollen grains

were further dehydrated in glacial acetic acid and prepared for melissopalynological

analysis using the acetolysis method (Erdtman, 1960). This consisted of boiling in a

water bath (92 °C/10 min) with a mixture of acetic anhydride - sulphuric acid (9:1)

and subsequently centrifuging and decanting the supernatant. Slides were mounted

with glycerin and sealed with nail polish.

All samples were observed using an optical microscope (Olympus CX31) at

x200, x400 and xlOOO. To determine the frequency classes, 500 pollen grains were

counted from each sample. Pollen types were assigned to four percentage classes,

as determined by Barth (2004): predominant pollen (>45%), secondary pollen (15 to

45%), important minor pollen (3 to 15%) and minor pollen (<3%). Pollen slides from

the pollen reference collection of the Department of Scientific and Technological

Research, Sonora University (UNISON) in Sonora, México and published a pollen

atlas (Roubik and Moreno, 1991) were used to identify the pollen grains, in addi-

tion to the identification of pollen grains based on plant species collected from the

sampling areas.

Statistical analysis

All data were submitted to an analysis of variance (ANOVA) with a post-

hoc determination using Tukey’s test. A Detrended correspondence analysis
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(DCA) and a Pearson's correlation coefficient (r) were applied to examine the

correlation between all the variables. The level of significance was set at P
<0.05 (Software package, SPSS versión 21; and PAST-Palaeontological statis-

tics versión 3.07).

RESULTS

Botanical origin of central Sonoran propolis

The vegetation of the sampling zones was dominated by subtropical species

(Table 1), mainly from the Fabaceae (18.5%), Cactaceae (10.2%), Malvaceae (8.3%)

and Asteraceae (6.5%) families. Pollen analysis showed a diversity of pollen types

in the studied propolis samples. A total of 42 pollen types (Table 2) belonging to 22

families were identified; some of the principal pollen types are illustrated in Fig.

1. The families with the highest pollen frequencies (>15%, <45%) were Fabaceae,

Asteraceae, Burseraceae, Chenopodiaceae-Amaranthaceae and Zygophyllaceae.

The highest pollen concentrations were identified in the summer propolis samples,

corresponding to Mimosa distachya var. laxiflora (PAS12, 37%; PAS13, 41.6%) in

Pueblo de Álamos and Prosopis velutina (RVS12, 23.1%; RVS13, 29.2%) in Rancho

Viejo. A reduction in the frequencies of these pollen types was found for propolis

samples produced during the winter, both at Pueblo de Álamos ( Mimosa distachya

var. laxiflora\ PAW12, 18.7%; PAW13, 19.4%) and Rancho Viejo ( Prosopis velutina
;

RVW12, 13.3%; RVW13, 16.7%). According to these samples, six bifloral (15 to

45% pollen frequencies: PAW12, PAS12, PAS13, RVW13, RVS12 and RVS13) and

two multifloral (<15% pollen frequencies: RVW12and PAW13) propolis samples

were recorded, distributed among both regions.

Relationship between propolis samples of different origin

In order to evalúate the differences among propolis samples collected from

different sites and seasons, a multivariate analysis (detrended correspondence

analyses, DCA) was performed (Fig. 2). The ordination of samples and pollen

source based on the two first axes (Axis 1 and Axis 2) of the DCAindicate that

analyzed propolis were separated seasonally (summer samples left direction and

winter samples clockwise), and slightly geographically. Most pollen types are

clearly grouped by families and Prosopis pollen was significantly closer to propo-

lis samples collected in both study sites (

P

<0.05). Also, propolis samples from PA
are clearly more grouped at the top left than RV, mainly in summer. As a result,
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Table 1 . Commonplant taxa in the areas surrounding the study sites and their flowering seasons.

Acanthaceae Dicliptera sp.
,Ns; PA- RV)

Elytraria imbricata (S; PA)

Henrya insularis (Sp; PA)

Justicia candicans (Sp - K W; PA)

Tetramerium nervosum (F ’ w- Sp; RV)

Achatocarpaceae Phaulothamnus spinescens (S ’ F; PA)

Agavaceae Agave angustifolia
,w - Sp; PA)

Asteraceae Ambrosia (Sp; PA- RV) Lagascea decipiens ,K w- Sp; PA)

Artemisia (Ns; RV) Malacothrix sonorae ,w - Sp; PA)

Brickellia coulteri ,Sp - s - F; P/V RV) Perityle reinana (Ns; PA)

Boraginaceae Cordia sonorae (Sp; PA)

Ñamahispidum (Sp; PA- RV)

Phacelia gentryi ,Sp - s - F- W; PA- RV)

Brassicaceae Descurainia pinnata ,w - Sp; PA)

Burseraceae Bursera fagaroides (S; PA)

Bursera laxiflora
(F ’ W; PA’ RV)

Bursera microphylla ,S; PA- RV)

Cactaceae Cylindropuntia fulgida (S; PA) Opuntia sp.
(Ns; PA)

Cylindropuntia leptocaulis ,Sp - S; PA- RV) Pachycereus pecten-aboriginum

Cylindropuntia thurberi (Ns; PA- RV) (Sp, S, F, W; PA, RV)

Mammillaria standlevi (S;PA) Stenocereus alamosensis (Ns;PA - RV)

Opuntia engelmannii ,Sp - S; PA- RV)

Opuntia pubescens ,Ns; PA)

Stenocereus thurberi (S; PA- RV)

Cannabaceae Celtis pallida (Sp ’ s ’ F- W; PA* RV)

Celtis reticulata (Sp - S; PA - RV)

Chenopodiaceae Chenopodium sp.
,Ns; P/V RV)

Convolvulaceae Cuscuta sp.
,Ns; PA)

Evolvulus alsinoides (Sp ’ S,RW;PA)

Ipomoea arborescens (F ’ W; PA’ RV)

Euphorbiaceae Jatropha cardiophylla (S; RV)

Jatropha cordata (F; PA- RV)

Tragia sp.
(Ns; PA)

Fabaceae Acacia sp.
,Ns; P/V RV) Lysiloma watsonii (S; PA)

Acacia cochliacantha (Sp ’ S; PA - RV) Macroptilium sp.
(Ns; PA)

Acacia constricta (Sp ’ S; PA) Mimosa distachva var. laxiflora

Acacia farnesiana (Sp; PA - RV) (Sp, S, F; PA, RV)

Acacia occidentalis (S; PA- RV) Mimosa dysocarpa (S> F; PA)

Caesalpinia pulcherrima ,K W; PA- RV) Nissolia schottii
(S;PA)

Calliandra eriophylla (Sp ’ S; PA) Olneya tesota (Sp; PA- RV)

Coursetia glandulosa (Sp; PA) Parkinsonia praecox (Sp ’ S; P/V RV)

Diphysa suberosa (S; PA) Prosopis velutina ,Sp - s - F; P/V RV)

Haematoxylon brasiletto (S; P/V RV)

Havardia mexicana (Sp; P/V RV)

Lysiloma divaricatum (Sp; PA)

Senna pallida (Ns; RV)

Fouquieriaceae Fouquieria macdougalii (Sp ’ S;PA ’ RV)

Fouquieria splendens (Sp; PA’ RV)
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Table 1 . Continued.

Lamiaceae Hyptis albida ,Sp - F- W; PA - RV)

Malpighiaceae Callaeum macropterum (Sp ’ s - F’ W; PA’ RV)

Malvaceae Abutilón sp.
(Ns; PA- RV) Sida alamosana (Ks; PA’ RV)

Ceiba acuminata ,Ns; PA - RV) Sphaeralcea sp.
,Sp; RV)

Guazuma ulmifolia
(Ns;RV)

Herissantia crispa (Sp ’ s ’ F; PA)

Hibiscus (S; PA)

Waltheria sp.
,Ns; PA)

Myrtaceae Eucalyptus sp.
,Ns; P/V RV)

Nyctaginaceae Nyctaginaceae sp.
,Ns; PA - RV)

Onagraceae Oenothera sp.
(Ne; PA)

Papaveraceae Eschscholzia californica
(S;PA)

Poaceae Erioneuron pulchellum (S; PA* RV)

Melinis repens ,Ns; P/V RV)

Setaria sp.
(Ns; PA- RV)

Rhamnaceae Karwinskia humboldtiana (S;PA)

Rubiaceae Hintonia latiflora
(Ns; PA)

Mitracarpus hirtus
(Ns; PA)

Randia obcordata (S; PA- RV)

Rutaceae Zanthoxylum fagara ,S - F; PA)

Sapindaceae Cardiospermum halicacabum (Ks; PA’

RV)

Sapotaceae Sideroxylon occidentale (S ’ F,W;PA)

Solanaceae Capsicum annuum var. Lycium berlandieri ,F - W; PA)

glabriusculum (Ns; PA) Physalís sp.
(Ns; PA)

Lycium andersonii (F ’ W; PA)
,

Solanum tridynamum (
(Sp ’ S; PA)

Scrophulariaceae Mimulus floribundus (Sp ’ s - F; PA)
,

Stemodia durantifolia (Sp ’ S ' F,W;PA)

Verbenaceae Aloysia gratis sima (Ns;PA)
Vitex mollis

,Ns; PA)

Viscaceae Phoradendron californicum (W; PA)

Zygophyllaceae Guaiacum coulteri (S; PA- RV)

Pteridaceae Cheilanthes pringlei (Ns; PA)

Seasons (Spring, Sp; Summer, S; Fall, F; Winter, W; Ns, not specified). Study areas (Pueblo

of Álamos, PA; Rancho Viejo, RV).

this was also observed for summer propolis samples from PA (Table 2), which

showed high levels of Mimosa, while summer propolis from RV showed a high

content of Prosopis pollen (P <0.05), which corresponds to differences in the lo-

cal vegetation ( Mimosa is more abundant in the thornscrub foothills of PA and
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Table 2. Frequencies of pollen types identified in propolis samples.

Pollen types PAW12 PAW13 PAS12 PAS13 RVW12 RVW13 RVS12 RVS13

Acanthaceae

Dicliptera 4.0 bB 3.2 aB 0.7 bA 0.0 aA
l.l

bB
0.3

aA 0.4 bA 3.9 aB

Agavaceae

Agave angustifolia 0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA 0.2 bB

Asteraceae

unknown taxa 7.0
aB 10.0 bB

3.7
aA

8.6
bA 10.5 bB

9.8
aB

6.9
bA

6.0
aA

Ambrosia 5.3
aB 8.7 bB 2.5 bA 0.2 aA

5.5
bB 5.4 aB 2.8 aA 3.5 bA

Artemisia 0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA 0.2 bB

0.0
aA

Boraginaceae

Ñamahispidum 0.0
aA

1.3
bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA 0.2 aB

0.9
bB

Phacelia gentryi 0.3
bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA 2.0 bB

0.0
aA

Burseraceae

Bursera fagaroides type y ybB 4.5 aB
3.5

bA
1.6

aA
5.3

bA 4.5 aB
7.1

bB 2.2 aA

Bursera laxiflora type 6.0 bB 4 9 aB 3.5 bA
1 4aA 10.0 bB

6.3
aB

8.5
bA 3.5 aA

Cactaceae

unknown taxa 4.0 bB 2.3 aB
1.0

bA
0.0

aA
3.3

bB
2.1

aB
1.2

aA
1.7

bA

Cylindropuntia 0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.3
aA

0.6
bB

1.0
bB

0.0
aA

Stenocereus type 0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.3
bB

0.0
aA

0.0
aA

Cannabaceae

Celtis reticulata 0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.6
bB

0.0
aA 0.2 bA

0.0
aA

Chenop-Amaranthaceae

Chenopodium type 3.7
aB

8.7
bB 2.7 bA 0.2 aA

ll.l
aB 15.2 bB 2.4 aA

3.5
bA

Convolvulaceae

Cuscuta 0.0
aA

0.0
aA

0.0
aA 0.2 bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA

Ipomoea 2.3 bB
0.6

aA
1.2

bA
0.7

aB
1 9bB

1.5
aB 0.4 aA

0.9
bA

Fabaceae

Acacia 5.7
bA

5.5
aA

ll.l
bB

6.8
aB

5.5
bB 4.2 aA 4.0 aA 4.8 bB

Caesalpinia pulcherrima 1.3
bA

0.3
aA

1.5
aB 11.6 bB

3.3
bA

1.5
aB 3.4 bB

0.9
aA

Havardia type 0.7
bA

0.3
aA 2.7 aB 2.8 bB

3.6
bB

2.1
aB

1.8
bA

0.0
aA

Haematoxylon brasiletto 0.0
aA

0.3
bB

0.7
bB

0.0
aA

0.8
aA

0.9
bA 2.8 bB

1.3
aB

Mimosa 18.7 aA 194 bA 37.0 aB 41.6 bB 13.3 aA 16.7 bA 21.9 aB 25.5 bB

Olneya tesota 2.0 bB
1.0

aB
0.5

bA
0.0

aA
1 9bB

1.2
aA

0.0
aA 2.6 bB

Parkinsonia praecox 1.0
aB

1.0
aB

0.5
bA

0.0
aA

0.6
bB

0.3
aA

0.0
aA

0.6
bB

Prosopis velutina 15.3 bA 13.6 aA 19.8 bB 16.0 aB 15.2 aA 17.3 bA 23. l
aB 29.2 bB
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Table 2. Continued.

Pollen types PAW12 PAW13 PAS12 PAS13 RVW12 RVW13 RVS12 RVS13

Fagaceae

Quercus 0.0
aA

0.0
aA 0.2 aB 0.4 bB

0.8
aB

1.5
bB

0.0
aA

0.0
aA

Fouquieriaceae

Fouquieria 0.0
aA

0.6
bA 0.2 aB 2.8 bB

0.0
aA

0.0
aA 0.2 aB 0.4 bB

Lamiaceae

Hyptis albida 0.3
bA

0.0
aA

1.5
bB

0.0
aA

0.8
bB

0.3
aB

0.6
bA

0.0
aA

Malvaceae

Abutilón 2.0 aB 2.9 bB 0.0 aA 0.0 aA
l.l

aB
1.5

bB 0.4 bA 0.0 aA

Ceiba acuminata 0.0
aA

0.6
bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

Herissantia 0.0
aA 2.9 bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

Hibiscus type 0.0
aA

0.0
aA

0.0
aA 0.2 bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA

Sida 0.0
aA

0.0
aA

0.0
aA 0.2 bB

0.0
aA

0.0
aA 0.2 bB

0.0
aA

Sphaeralcea 0.0 aA 0.0 aA 0.0 aA 0.0 aA 0.0 aA 0.0 aA 0.8 bB 0.0 aA

Myrtaceae

Eucalyptus 0.0 aA 1.6 bB 0.7 aB 0.9 bA 1.4 bB
1.2

aB 0.4 aA 0.7 bA

Nyctaginaceae

unknown taxa 0.7
bB

0.0
aA

0.0
aA

0.0
aA

0.3
aB

0.3
aA

0.0
aA 2.2 bB

Poaceae

unknown taxa 2.8 bB
1.6

aB
0.0

aA
0.5

bA
0.3

aA
0.9

bA 2.8 aB 2.6 bB

Rhamnaceae

Kanvinskia 1.7
bB

0.6
aB

0.5
bA

0.0
aA

0.0 aA 0.0
aA

0.0
aA

0.0
aA

Rubiaceae

Mitracarpus hirtus 0.0
aA

0.0
aA

0.0
aA 0.2 bB

0.0
aA

0.0
aA

0.0
aA

0.0
aA

Randia obcordata 0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.0
aA

0.8
bB

0.0
aA

Randia sp. 2.7 bB 0.0 aA 0.5 bA 0.0 aA 0.0 aA 0.0 aA 0.0 aA 0.0 aA

Sapindaceae

Cardiospermum 0.7 bB 0.6 aA 0aA
l.l

bB
0.3

bA 0.0 aA 0.8 bB 0.7 aB

Zygophyllaceae

Guaiacum coulteri 3.7
bB

1.3
aB

1.5
bA

l.l
aA

0.8
aA 2.7 bB 2.4 bB

1.3
aA

Unidentified 0.7 1.3 2.2 1.2 0.3 1.8 0.6 0.6

Total of pollen types (%) 100 100 100 100 100 100 100 100

Pueblo de Álamos (PA); Rancho Viejo (RV); winter (W) and summer (S); 2012 (12) and

2013 (13). Different superscripts (a-b) within the same sample and season, and (A-B) within

the same year of collection and different season differ significantly (P <0.05).

77



Acta Botánica Mexicana 114 : 69-86 ( 2016 )

Fig. 1. Some pollen types found in Sonoran Desert propolis. Different scales are indicated

for each pollen type. Acanthaceae: Dicliptera (A, lOOOx). Agavaceae: Agave angustifolia (B,

400x). Chenopodiaceae-Amaranthaceae: Chenopodium sp. (C, lOOOx), Malvaceae: Ceiba

acuminata (D, 200x). Asteraceae: Ambrosia (E, lOOOx), Asteraceae (F, lOOOx), Asteraceae

(G, lOOOx). Burseraceae: Bursera laxiflora (H, lOOOx), Bursera microphylla (I, lOOOx).

Cactaceae: Cylindropuntia thurberi (J, 200x), Stenocereus alamosensis (K, 200x). Fabaceae:

Caesalpinia pulcherrima (L, lOOOx). Convolvulaceae: Ipomoea arborescens (M, 400x).

Fabaceae: Acacia sp. (N, lOOOx), Havardia type (O, 400x), Mimosa distachya var. laxiflora

(P, lOOOx), Olneva tesota (Q, lOOOx), Prosopis velutina (R, lOOOx). Fagaceae: Quercus sp.

(S, lOOOx). Malvaceae: Abutilón (type, T, lOOOx), Herissantia crispa (U, lOOOx). Myrtaceae:

Eucalyptus sp (V, lOOOx). Poaceae sp. (W, lOOOx). Rubiaceae: Mitracarpus hirtus (X,

lOOOx). Sapindaceae: Cardiospermum halicacabum (Y, lOOOx).
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I

Axis 1

Fig. 2. Detrended correspondence analysis of propolis samples (A) and pollen taxa (B).

Prosopis in the riparian vegetation of RV). Additionally, Mimosa has more intense

flowering periods in summer and Prosopis in the spring, although both plants

flower from spring to late summer.

Statistical correlation analyses carried out in order to compare the relation-

ship between the measured meteorological parameters (temperature and rainfall)

and the most important pollen types (Mimosa distachya var. laxiflora and Prosopis

velutina ) showed significant association (P <0.05) between temperature, rainfall and

pollen contení (Table 3).

Table 3 . Correlation between the most representativo propolis pollen taxa from central Sonora

and valúes of average annual temperatures and rainfall.

Mimosa Prosopis

2012

Temperature 0.483 0.976

Rainfall 0.809 0.915

2013

Temperature 0.548 0.832

Rainfall 0.836 0.935

Temperature in °C. Rainfall in mm.
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DISCUSSION

Sonoran Desert scrub and foothill thornscrub cover much of northwestern

México, with numerous trees belonging to the Fabaceae family (Robinson, 1898).

Fabaceae is an important family of flowering plants known to be the most visited

sources for honey, wax and propolis production in tropical regions (Almaraz- Abarca

et al., 2007) and is made up of herbaceous plants, shrubs and trees, thereby signifi-

cantly imprinting the landscape.

The genus Mimosa
,
which ineludes Mimosa distachya var. / axiflora (catclaw),

is a plant of the Leguminosae (Fabaceae) Mimosoideae subfamily and is native to

Northern and Southern America (Robinson, 1898). In México it is mainly distrib-

uted in the región of northern México corresponding to the States of Baja California,

Chihuahua, Sinaloa and Sonora and in Southern México in Colima, Jalisco, Micho-

acán, Nayarit and Yucatán (Molina-Freaner et al., 2010; Instituto de Biología, 2010).

Many species of mimosas are economically and socially important, as they are used

for reforestation, timber production and medicinal purposes, as well as their ability

to fix nitrogen. Flowers of several Mimosa species are also a major source of néc-

tar for honey production (Simón et al., 2011). The genus Prosopis
,

which ineludes

Prosopis velutina (mesquite), is also found within the family Fabaceae, subfamily

Mimosoideae, and is native to the Asían, African and American continents. The

genus ineludes 44 species distributed in arid and semiarid regions (Burkart, 1976;

Palacios, 2006). In México it has a wide distribution and is found along the Pacific

coast, from the States of Michoacán to Oaxaca, in the Gulf of México in Nuevo

León, Tamaulipas and northern Veracruz and throughout the central región of the

country (Gallegos-Infante et al., 2013). Mesquite is an important plant species due to

its high potential for nitrogen fixation in very dry areas and during drought seasons,

and it provides shelter and food to humans and many species of animáis that feed on

its leaves, fruits néctar and pollen (Almaraz-Abarca et al., 2007).

The pollen contení in propolis samples can have different origins, and the fre-

queney of the type of pollen can be indicative of the plant species used by honeybees

to make the propolis (Silva et al., 2013). The results obtained for Sonoran Desert

propolis showed that the most predominant pollen types belonged to the most abun-

dant plant sources in the región (Asteraceae, Malvaceae, Cactaceae and Fabaceae

families), and the minor pollen types were obtained from minor plant sources. In all

propolis samples the most frequent pollen types were Mimosa distachya var. laxi-

flora and Prosopis velutina
,

which is in agreement with the central Sonoran honey

studies carried out by Rivero-Montes (2000) and Burboa-Zazueta (2004).
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In another investigation, Mohamedand Afaf (2004) reported that the botanical

origin of propolis samples from Sudan (Alfaki Hashim, Khartoum State and Al Ab-

basia, South Kordofan State) carne from the following plant families: Mimosaceae,

Malvaceae and Caesalpiniaceae. These were the most frequent pollen families (more

than 50 grains were found) in Alfaki Hashim, and Mimosaceae was most abundant in

the Al Abbasia región. Regarding propolis samples from Al Abbasia, the following,

all belonging to the Fabaceae family, were considered to be dominant pollen sources

(16-45% of total contení): Mimosa pigra
,

Mimosa sp. and Acacia sp. However, in

other geographical regions, different taxa are identified in propolis samples. For ex-

ample, Pulido-Avila et al. (1998) evaluated the pollen content of a propolis sample

from Capilla de Milpillas and Telpatitlan de Morelos (Jalisco, México) to evalúate

which plants were used by bees to collect resins. Pollen analysis revealed a total of 30

pollen types, and Eucalyptus sp. (35.2%) and Fraxinus sp. (19.9%) were the main gen-

era from which the honeybees obtained the resins. Other minor pollen types (<15%)

were Compositae (five pollen types), Quercus, Dicliptera
,

Bursera
,

Citrus
,
Mimosa

and Ipomoea sp., among others. In the same way, Montenegro et al. (2000) revealed

that the botanical origin of Chilean propolis is Eucalyptus. However, the Eucalyptus

pollen frequencies (<2%) reported in our work for the central Sonoran región do not

reflect those of previous studies. In several regions of Brazil, Santos et al. (2011)

established the plant origin of propolis samples, indicating that most representative

pollen types for all samples were Schinus, Vernonia, Diclenia, Hyptis
,
Myrcia, Wein-

mannia
,

Baccharis and Eucalyptus. In contrast, Moreira et al. (2008) discovered an

important contribution of different pollen components such as Pinus sp. (0-15%),

Castanea sativa (0-45%), Populus trémula (30-50%) and others (some of them with

less than 5%) in propolis from Portugal (Bornes and Fundáo regions).

The above mentioned results show that bees produce propolis from surround-

ing vegetation, which ineludes different taxa according to the región, although

similar ecosystems may provide taxonomically comparable propolis sources. Pollen

content depends on plant diversity at a local and regional scale, and these studies

confirm the importance of identifying the pollen content, geographical origin and

collection season of propolis samples for their subsequent categorization and iden-

tification.

The slight statistically supported geographical separation of the samples was

expected since the flora of both studied regions is similar. Otherwise, the high cor-

relation found between propolis samples and their pollen content (floral origin) coin-

cides with Barth and da Luz (2009), who found a strong correlation between propo-

lis samples and pollen sources, which were considered to be the main characteristic
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component of propolis samples. Results have also shown that flowering species react

differentially to temperature and water stress (meteorological conditions), which can

subsequently affect the pollen composition (Rasmussen, 2002) of propolis, thereby

explaining the yearly differences in propolis samples.

CONCLUSIONS

Six propolis samples were found to be bifloral (i.e. pollen types had second-

ary percentages, 15-45%), and two were multifloral (<15%). The multifloral propolis

samples were collected in winter. In total, 22 plant families and 42 species, or pollen

types, were found in eight propolis samples. The Fabaceae family was dominant

(>45%) in both regions and during both seasons. Pollen from Mimosa distachya var.

laxiflora and Prosopis velutina were the most representative, and this fact can be ex-

plained by the abundance of these plants in the thorn scrub foothills and desert scrub

surrounding the beehives, as well as the high level of pollen production by these

plants during the second harvesting period (summer), indicating that these are the

most frequently visited by bees. The multivariate analysis was helpful in identifying

the geographical and seasonal differentiation of the propolis samples, particularly

those containing high frequencies of Mimosa and Prosopis pollen. In addition, the

results of this study provide a list of plants from which the bees could obtain raw

material to form propolis: these plants are the key to determining the geographical

origin and characteristics of Sonoran propolis.
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